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Bearings. 


A WIDE range of materials is offered and used for 
the purpose of lining bearings, and a great deal has 
been said and written both on the merits of individual 
bearing alloys and upon the best methods of produc- 
ing bearings made of a given type of material. If, 
however, one looks carefully into this problem, one 
rapidly comes to the conclusion that existing know- 
ledge is of an unsatisfactory character, and that 
perhaps the only sound guide which is available is 
that of experience, which, while safe enough so long 
- as materials and conditions remain unchanged, is 
very apt to lead to disappointing results when it 
becomes necessary to depart from standard con- 
ditions. As a result of the rapid development of 
engineering design, especially in regard to some of 
the most advanced applications in such matters as 
aircraft, submarines, and automobiles, it becomes 
impossible to maintain standard conditions, and 
problems relating to bearings have in many cases 
become acute. More or less satisfactory solutions 
have been obtained, but this has always been done 
on an empirical basis, and there is no real agreement 
as to what a bearing metal should and should not be, 
even on the basis of experience. 

It is frequently stated, and the view is held by 
many competent men, that the structure of a bearing 
metal should be duplex, consisting of a hard con- 
stituent embedded in and supported by a softer 
matrix. This view is borne out by the fact that a 
great many of the successful bearing metals have a 
structure of this kind. On the other hand, at the 
present time, a variety of phosphor-bronze is being 
advocated, and to some extent used, which claims 
superior properties as a bearing metal on the ground 
that it has an entirely homogeneous structure, thus 
departing wholly from the ideas which experience has 
suggested. If this material proves satisfactory for 
use, doubt must arise as to the validity of our views 
on bearings, but even if it does not, there would 
seem to be ample ground for a fuller investigation of 
the whole subject, particularly in the light of recent 
researches on lubrication. It is quite clear that we 
shall not progress much further in this matter until 
we know, first of all, whether a duplex structure of 
hard and soft or a homogeneous structure of uniform 
hardness is best and under what conditions, if any, 
change from one to the other should be made. But we 
shall have to push our knowledge much further so as 
to understand why these various structures affect 
the behaviour of a bearing and to what extent the 
chemical nature of the metals employed influences 
the result. 





Researches on so-called ‘‘ boundary lubrication,” 
which have been carried out in recent years by Sir 
William B. Hardy and his co-workers, have thrown a 
good deal of light on certain ts of the lubrica- 
tion problem, but their application to practical 
conditions is still extremely difficult. Perhaps the 
most striking result which emerges particularly from 
the more recent work of Hardy and Nottage, is the 
fact that the character of the film of lubricant which 
becomes adsorbed on a metal surface is influenced by 
the nature of the metal itself considerably beyond a 
single layer of molecules. It will be remembered 
that Langmuir showed that in certain circumstances 
an adsorbed film consists of a single layer of polar 
molecules all arranged in a similar manner with one 
particular end attached to the atoms of the metal. 
In the bodies used as lubricants, such molecules are 
often of a chain type, so that the great length of the 
molecules lies everywhere at right angles to the 
surface. The adsorbed film, therefore, is known to 
have an oriented molecular structure, but it is very 
interesting and important to find from the recent 
work above mentioned that the influence of the metal 
extends considerably beyond the first layer of mole- 
cules. It is just possible that herein lies an explana- 
tion of the different behaviour of various metals and 
alloys when used in lubricated bearings, since the 
strength with which the films of lubricant adheres 
to the metal must be of fundamental importance. 
Even where an oil film is very thin, provided that as 
rotation occurs it is the oil film which is sheared 
rather than the adhesion between the oil film and 
the metal which is broken, the strength of this 
adhesion determines the behaviour of the bearing. 
Usually, of course, where satisfactory lubrication can 
be maintained, an oil film very much thicker than 
that which can be influenced by the molecular forces 
to which we have referred is maintained, but even 
there the tenacity with which the film adheres to the 
surface of the metal must play an important part. 
This part may, however, be expected to become pre- 
dominant where lubrication is imperfect, as it is in 
so many practical cases. From this point of view, it 
would seem that the chemical nature of the metal, 
as well as its physical properties, enters into this 
problem to an important extent. So far, we do not 
know of any method by which the strength of adhe- 
sion of an oil film to a metal surface can be directly 
determined ; if and when such a method is available, 
many important problems in relation to bearing metals 
should become capable of experimental attack. For 
example, the question whether a metal having a 
duplex structure tends to show a stronger adhesion 
of the lubricating film than a single-phase alloy can 
be ascertained. It would, however, be necessary to 
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apply such tests both to freshly made and to worn 
surfaces, since it may well be that the property of 
the material upon which we are dependent in this 
matter is only developed after a certain amount of 
wear has taken place. 

This question of wear itself presents problems which 
are as yet not completely understood. If a bearing 
is well lubricated so that a continuous oil film is 
maintained, one would anticipate at first sight that 
there should be no wear whatever. If, however, 
even in such a bearing the adherent film is 
torn away from either journal or bearing, then 
it is quite possible that atoms or even larger 
particles of the subjacent metal are torn away 
with it, so that wear may occur. Here a study of 
the condition of the metallic material found in oil 
which has passed through bearings should lead to 
interesting results, but it would be necessary to bear 
in mind the extreme chemical activity of finely 
divided metal particles when produced under the 
conditions which we have suggested, so that it would 
not be surprising to find the metal present in the oil 
either in the form of oxide or as some compound 
with constituents of the oil. In this connection, the 
chemical] constitution of the oil itself, quite apart 
from its normal lubricating properties may again 
enter seriously into the question of wear. The 
extraordinary manner in which metallic zinc is 
deposited upon bearings working under heavy pres- 
sure in a grease or oil lubricant containing zinc oxide 
is an interesting reminder of the complexity of the 
actions which occur. 








immiscible Metals. 





WE are so accustomed to the ease with which 
different liquid metals mix or dissolve in one another 
in the every-day processes of alloy making that it 
comes as something of a surprise to find that there 
are a considerable number of pairs of metals which 
do not mix with one another—if at all—in any 
desired proportion. Yet more than thirty binary 
systems are known in which regions of non-misci- 
bility occur to a greater or-lesser extent. To the 
scientific metallurgist most of these are well known, 
and certainly those which enter into practical life, 
but when the rule-of-thumb worker steps outside the 
narrow range of substances with which his experi- 
ence has made him acquainted, he is apt to be sur- 
prised—sometimes with unfortunately serious results 
—by phenomena which arise, directly or indirectly, 
from immiscibility. These phenomena, however, are 
by no means @lways of an undesirable character, 
since important industrial uses are made of them. 
The best known of these is the Parkes process for the 
removal of silver from lead by the action of molten 
zinc, which, as is well known, forms a separate liquid 
layer which floats upon the molten lead, and prac- 
tically the whole of the silver present in the lead 
passes rapidly into the zinc when the two metals are 
stirred together. Here it is the tendency of the 
two metals to separate into distinct layers which is 
the valuable feature. In other cases this tendency 
has to be overcome to a certain extent by such means 
as vigorous stirring, continued until freezing com- 
mences, in order that the resulting metal may consist 
of a suspension of the one metal in the other. The 
best-known example of this kind is furnished by the 





lead- brasses upon which the presence of 
finely divided lead particles confers superior machin- 
ing qualities. 

In view of these facts, it is perhaps surprising that 
our scientific knowledge of immiscible metals is still 
very insufficient, and that research workers have not 
given a greater amount of attention to this field of 
possible discovery. In the first place, a great many 
of the binary systems in which gaps in liquid misci- 
bility exist have not yet been fully worked out. It 
is true that they frequently consist of elements whose 
combinations into alloys do not suggest promising 
results from the practical point of view. Potassium- 
lead, chromium-lead, lithium-tin, potassium-zinc—to 
select only a few examples at random—are not 
obviously attractive to the investigator, if only from 
the standpoint of experimental difficulty, but some at 
least of our research laboratories possess experimental 
resources which should make it possible to overcome 
these obstacles, and even to attain the temperatures, 
sometimes very high, at which the gap in miscibility 
disappears. 

However, even when these systems have been 
fully explored, we may still find ourselves before the 
fundamental problem presented by immiscible pairs 
of metals—why they do not mix in all proportions 
in the liquid state. So far as we are aware, no satis- 
factory explanation has yet been put forward, and 
it would almost seem that metallurgists and physical 
chemists have been content to accept the fact as 
simply another case of the immiscibility which we are 
accustomed to find between such liquids as oil and 
water or ether and water. Yet the “ explanation ”’ 
on the basis of this analogy is by no means satis- 
factory or illuminating. As between water and 
certain organic liquids it might be suggested that 
immiscibility is due to the widely different character 
of the molecules of the two bodies which will not 
allow them to circulate freely among one another. 
We know, for instance, that certain types of polar 
molecules can attach themselves to surfaces, includ- 
ing the surface of water, as an “ adsorbed ”’ film, in 
which one end of each of the elongated organic 
molecules is attached by something resembling a 
chemical valency bond to a molecule of the other 
body. Where this sort of attachment is formed, it 
may easily be that the resulting complex cannot 
exist or circulate freely when surrounded by free 
molecules of either kind. Whatever explanation may 
be based on such grounds, however, meets with diffi- 
culties when applied to metallic systems in’ which 
molecules, if they exist at all as distinct from atoms, 
are inevitably of a much simpler nature, if only 
because the bodies in question are elements and 
contain only one kind of atom. Such evidence as we 
have, however, seems to point to the view that the 
majority of liquid metals are mon-atomic, and the 
immiscibility of two mon-atomic liquids presents a 
specially difficult problem. In cases where the 
physical characteristics of the two metals differ very 
widely, in regard to such matters as density, melting- 
point, and the nature of the space lattice which they 
adopt in crystallising, immiscibility in the liquid state 
might perhaps be regarded as probable. Such cases 
as manganese-lead or silicon-bismuth come under 
this head, but there are well-known cases of metals 
which might be expected to be equally “ incom- 
patible,” which yet dissolve one another in all pro- 
portions in the molten state ; iron-tin and platinum- 
bismuth are examples of this kind, and many more 
could be cited. On the other hand, pairs of metals 
which do not apparently differ widely in these respects 
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are found to exhibit gaps in their liquid miscibility. 
Potassium-lithium, calcium-aluminium, and copper- 
lead are of this kind. Nor do these apparent anomalies 
exhaust the complexities of the subject. The addition 
of a third metal is found to affect the miscibility very 
markedly. Thus the addition of zinc to copper-lead 
rapidly reduces the liquid miscibility of the two. 
On the other hand, instances are well known in which 
the addition of a third metal appears to bridge the 
gap between the other two and to reduce immisci- 
bility or to eliminate it entirely. 

For many of these phenomena there is, as yet, no 
satisfactory explanation, and it would seem that we 
are in this field confronted by properties of the metals 
of which we know very little. We have here a 
promising field for fundamental research, which 
is attractive because it seems to promise the possi- 
bility of scientific discovery. It is very certain, 
however, that an advance in our fundamental know- 
ledge of liquid metals would react not only on our 
knowledge of the nature of metals as a whole, but 
directly also upon our methods of handling and 
treating them when molten. 











The Time Factor in the Tensile Test. 





Ir has for some time been recognised that the 
ordinary tensile test does not give a complete picture 
of the mechanical properties of a material, and 
various lines of evidence have shown that the rate of 
loading or of extension may have an important 
effect. The fact that the results of tensile and impact 
tests are not always in agreement in determining the 
** strength ” of a material, also points to the existence 
of a time factor. The existence of such an effect 
suggests the possibility, which must be examined by 
experiment, that even under rates of loading that can 
be called slow by comparison with the rate of the 
impact test, the values of the properties may be 
affected by the speed at which the tests are carried 
out. Experience has shown that this is the case. As 
long ago as 1902, Le Chatelier demonstrated that the 
extension and reduction of area, which seem generally 
to fall slightly as the speed of test is increased, begin 
to increase again after a certain limiting speed of 
test has been exceeded. It is common experience 
also that as the rate of testing becomes faster, the 
ultimate strength and the yield show a general 
tendency to increase. 

A comprehensive survey of experimental evidence 
is contained in a paper by Herr Felix Fettweiss in 
Archiv fiir das EHisenhuttenwesen for October, 1932. 
As an example of the order of the change in the 
tensile properties that may be expected, we may 
consider some experimental results obtained by 
Fettweiss on a sample of basic steel of medium hard- 
ness. As the duration of test was reduced from 
24 min. to 9 sec., the yield point was raised 5-5 per 
cent., the ultimate strength 7-2 per cent., the elonga- 
tion 17-6 per cent., and the reduction of area 18-7 per 
cent. Similar tests with specimens of a highly segre- 
gated basic steel rail showed that as the time of test 
was reduced from 10-20 min. to about 9 sec. the 
yield stress, ultimate strength, elongation, and 
reduction of area were increased respectively by 
5-2, 3-4, 50, and 120 per cent. The rapidly broken 
specimens showed a marked tendency to a conical 
form of fracture of more or less fibrous appearance, 





while those broken slowly had a flat, granular frac- 
ture. The difference in form and ap ce of the 
fracture observed in these tests with different rates 
of loading was confirmed by others in which specimens 
were broken in tension at rates of loading varying 
from that normally used in testing practice to a very 
slow rate. Herr Fettweiss suggests that these tests 
show that slow testing tends to promote “ failure by 
rupture”’ (Trennungsbruch), as distinct from the 
failure by shearing that generally occurs in normal 
circumstances. 

The results obtained by various other investigators 
are then compared, the percentage changes in the 
various tensile properties being plotted on a base 
of rate of extension in per cent. per second. There 
would seem to be general agreement in indicating an 
increase with rate of loading of both tensile strength 
and yield stress. Tests made by Meyer at an exten- 
sion rate of 50 per cent. per second showed that the 
yield stress increased by 60 per cent., while Kérber 
and von Storp. obtained an increase of 40 per cent. in 
tensile strength at an extension rate of 12,100 per 
cent. per second. There is, however, no comparable 
consistency as regards the behaviour of the elonga- 
tion and reduction of area. The variation of these 
quantities with rate of loading would seem to depend 
upon the chemical composition of the steel. The 
only deduction that can be drawn from the results 
examined is that with low carbon steels the extension 
and reduction of area are greater at slow than at 
high rates of test, while high-carbon steels behave in 
the reverse manner in regard to these properties. 

It appears, then, that there is still much to be 
learned about the effect of rate of loading on the 
behaviour of steel. Mere differentiation between 
static and dynamic tests is not sufficient, for it takes 
no account of what would appear to be an essential 
factor, namely, that even during the slowest tensile 
test the material is never in a state of equilibrium. 

A number of efforts have been made to deduce 
approximate relations between the yield and break- 
ing stresses and the rate of extension. The results 
of most of the experimental investigations show 
considerable scattering when plotted, but it seems that 
@ rough approach to the law of variation is obtained 
by the assumption that at slow and medium rates of 
extension both yield stress and breaking stress vary 
linearly with the logarithm of the rate of extension 
(per cent. per second), and that the yield stress 
increases about four times as fast as the breaking 
stress. At very high rates of loading, both stresses 
increase more rapidly than would be calculated from 
this logarithmic relationship. It is interesting to 
note that Prandtl has deduced a logarithmic law on 
theoretical grounds. 

A result of some practical importance arises from 
the relation between stress and the logarithm of the 
rate of loading. It follows directly from this relation 
that the rate of change of yield stress and breaking 
stress with speed of test is greater for slow than for 
high rates of test. Thus from some results obtained 
by Schultz and Buchholtz the rate of increase with 
speed of test at a rate of extension of 0-1 per cent. 
per second was about forty times as great as its 
value at an extensio") rate of 4 per cent. per second. 
It is clear, then, th»; the faster the tensile test is 
made, the smaller are the variations to be 
in the experimental results. On the other hand, the 
rate of test must not be too fast, on account of the 
departure noted above from the logarithmic law at 
high rates of loading. From consideration of the 
evidence, Fettweiss recommends a tensile test lasting 
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from 1 min. to 2 min. as the most suitable. At this 
speed both the breaking and the yield stress appear 
to be reasonably independent of testing rate. More- 
over, as far as can be deduced from the somewhat 
contradictory evidence regarding the variation of 
extension and reduction of area with rate of loading, 
both these properties seem to pass through a minimum 
value at about this rate of test, so that they will be 
less affected at this rate than at any other by varia- 
tions in the speed of testing. 

Herr Fettweiss concludes his paper with a theore- 
tical discussion, which, as he points out, is useful 
in showing how incomplete our real knowledge of the 
behaviour of materials under stress still is. The 
mutually inconsistent results, particularly as regards 
extension and reduction of area, of many of the 
experimental investigations discussecd| in his paper 
make it impossible to suggest any satisfactory theory 
in the present state of knowledge. 








Electrical Melting of Aluminium. 





WHiteE electrical melting in are or induction fur- 
naces has found considerable application, both for 
steel and brass, it is somewhat surprising that elec- 
trical melting of aluminium has not made greater 
headway. Possibly the fact that the simplest—not 
to say crudest—type of gas or oil-fired furnace can 
be and is used with more or less success for the 
founding of aluminium and its alloys has much to do 
with this state of affairs. The fact is that until com- 
paratively recently the standard of quality demanded 
in aluminium castings was decidedly low, and this is 
still the case in some applications. Such a state of 
affairs naturally encourages work carried out with a 
minimum of capital outlay and working costs. The 
demand for a far better quality of casting, however, 
is steadily spreading at the present time. Where 
formerly the existence of numerous “ pin holes” 
was regarded as unavoidable and more or less harm- 
less, castings largely or entirely free from such 
defects are now obtainable, and the founder is called 
upon to produce them. This means, among other 
things, that he must seek to,diminish the gas content 
of his metal. 

A great deal has been heard in recent years of 
various means of de-gassing aluminium and its alloys, 
and some of these methods have proved successful, 
not only in the laboratory, but on the manufacturing 
scale. It is, however, certain that they constitute a 
complication in the production process which the 
aluminium founder would gladly avoid. The only 
rational manner of achieving this end is never to allow 
the metal to become contaminated with gases, among 
which hydrogen seems to be the chief and possibly 
the only offender. Unfortunately, this method of 
prevention does not lie entirely in the hands of the 
general aluminium founder, since he is dependent 
upon the raw aluminium and the “ hardener ”’ alloys 
which he purchases. If these are rich in hydrogen, 
it is extremely difficult for the founder to produce 
gas-free castings without the use of some special 
de-gassing process. No doubt the producers of 
aluminium themselves have to face great difficulties 


if they are asked to supply gas-free metal, especially’ 


as the founder will have no desire to pay a higher 
price for such metal. The fact remains, however, 
that the gas content of different “ brands” of 












aluminium and even of different batches from the 
same maker, varies considerably, and this suggests 
that differences in the reduction process or in the 
manner of conducting it are capable of exerting an 
important influence on gas content. 

Apart from these considerations, however, it is 
still true that in the great majority of melting furnaces 
in which aluminium or its alloys are exposed to more 
or less direct contact with the flame or with a furnace 
atmosphere containing hydrogen or compounds of 
hydrogen, a serious amount of deleterious gas is 
taken up by the molten metal. Fortunately, the 
rate at which this occurs is much retarded by the 
presence of a continuous oxide skin on the surface of 
the metal, but whenever this is broken during the 
manipulation of the charge, rapid absorption occurs. 
It is in this respect that the use of the electric resist- 
ance furnace affords an advantage which may well 
prove to outweigh the cost of working, which, unless 
current is very cheap, is usually higher than that of 
a fuel-fired furnace. From this point of view, some 
interesting information is given in a short article on 
the electrical melting of aluminium by E. Fr. Russ 
in Metallwirtschaft for October 22nd last. The article 
purports to lay down a series of maxims for the guid- 
ance of the aluminium founder, which, while sound 
in themselves, relate mainly to the avoidance of 
metal losses by oxidation. It is, for example, 
pointed out that overheating the metal—+.e., heating 
it to something like 100 deg. Cent. above the proper 
melting temperature—has little ill effect, provided 
that the bath is not stirred or moved while at the 
high temperature, and it is further suggested that 
such overheating is less dangerous in an electric 
furnace, “since the atmosphere is either reducing 
or neutral.’”’ While the fact is undeniable, the explana- 
tion is not satisfactory, since no furnace atmosphere, 
and least of all that of an electric resistance furnace 
which normally consists of air, can be fairly described 
as “‘reducing” or even “ neutral’’ to aluminium 
oxide. The real merit of the electric furnace from 
this point of view, namely, the absence of hydrogen, 
is not appreciated, or at all events mentioned, by the 
German author. Greater interest therefore attaches 
to the information given as to the melting capacity 
of the furnaces, which are very briefly described in 
this article. 

The crucible furnaces, in which crucibles of mild 
steel are used, are made both of the fixed and the 
tilting type. They are able to melt 100 kilos. of 
aluminium for an expenditure of 50 to 60 kilowatt- 
hours ; a very small furnace of this type, having a 
capacity of only 10 kilos., is able to melt 150 kilos. 
per twenty-four hours with a power requirement of 
4 kW and a current consumption of 0-5 kWh per 
kilogramme of metal melted. For larger outputs, 
furnaces of the open-hearth type, either fixed and 
arranged for tapping or tilting, are recommended. 
They are designed with a relatively deep bath of 
metal, with a view to reducing losses by surface 
oxidation. A fixed furnace of this type holding 
500 kilos. of aluminium will deal with 3-5 tons of 
metal per day with a current consumption of 450 kWh 
to 500 kWh per ton. A larger type, having a capacity 
of 2000 kilos. and an output of about 14 tons per day, 
consumes only 400 kWh to 420 kWh per ton, and it is 
claimed that this represents a furnace efficiency of 
approximately 80 per cent. In these furnaces some 
difficulty appears to exist in regard to the linings. 
Refractories containing siliceous material are rapidly 
eroded, especially if fluxes containing fluorides are 
employed. The most resistant material appears to be 
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magnesia in the form of suitable bricks, but these are 
rather sensitive to rapid changes of temperature, 
and the furnace has to be somewhat carefully handled 
to avoid spalling of the lining. 








International Foundry Congress. 





Tue International Foundry Congress at Paris in 
September was held in conjunction with an exhibition 
of foundry products, supplies, and equipment. The 
latter showed very materially the effects of la crise 
économique, and foreign participation was, in the 
main, confined to group exhibits from Italy, Belgium, 
Spain, and Germany. Contributions from Great 
Britain and the United States of America were almost 
entirely lacking. The depression was doubtless 
assisted in this respect by the pronounced tendency 
towards economic nationalism which is encouraging 
countries to an industrial self-sufficiency likely to 
have the gravest reactions on world trade. 

Fortunately, the restrictions were not evident in 
the Congress itself, although the number of foreign 
visitors was materially less than at the previous 
Congress in Paris in 1923. The papers, however, were 
numerous, and in the aggregate of considerable 
technical value. They were vigorously discussed. 

_A number related to such matters as accident pre- 
vention in foundries, to the organisation of produc- 
tion, to foundry practice, and moulding sands. One 
or two others are more or less familiar to British 
readers, such as Dr. Hanson’s paper on “ Some Causes 
of Defects in Aluminium Castings.”” There were @ 
number of informal discussions, both at the Exhibition 
and elsewhere, on matter of metallurgical interest, 
and the usual range of visits, but when these are 
eliminated there remain over thirty papers of metal- 
lurgical character, ferrous and non-ferrous, and we 
can only review briefly those of outstanding interest. 

Messieurs Delbart and Lecceuvre, in a paper on 
low-carbon irons from the cupola, have obtained in 
cupola furnaces fitted with receivers, cast irons having 
a total carbon content between 1-7 and 2-5 per cent., 
with coke consumptions approximately normal. 
They found, as would be expected, that such irons 
have a very poor fluidity and must be poured at a 
high temperature, 1360 deg. to 1400 deg. Cent. 
Shrinkage cracks are also produced when the carbon 
is below 2-3 per cent. Details are given of cupola 
practice, limits of composition, and moulding con- 
ditions for sound, machinable castings of given 
mechanical properties. For irons with a total carbon 
content between 1-7 and 1-9 per cent., silicon content 
of over 2-3 per cent. is necessary to avoid chilling. 
If the carbon is 2-0 to 2-3 per cent., silicon content 
in excess of 2 per cent. suffices. If the manganese 
content, however, exceeds 2 per cent. higher silicon, 
2-8 per cent. is required for irons of total carbon 
1-7 to 2-5 per cent. Heat treatment softens the 
irons and raises the deflection in the case of irons 
having structures naturally hard on account of the 
presence of manganese. The authors generally con- 
clude that low carbon pearlitic irons, with carbon 
not below 2-3 per cent., and high in silicon and 
manganese, are of practical interest as not liable to 
shrinkage cracking, and possessing high mechanical 
properties. By simple heat treatment they can be 
made as easily machinable as ordinary irons. The 
general trend of the paper was confirmed in another 

memoir by Monsieur Portier. 














Messieurs Cournot and Challansonnet presented a 
study of the influence of molybdenum on cast iron, 
including ordinary ferritic and pearlitic irons and 
malleable iron. It is possible to add 2 per cent. of 
molybdenum to a grey iron without the formation of 
free carbide and without loss of machinability. At 
2-9 per cent. molybdenum the thinner sections become 
cementitic, the carbide formed being very complex. 
Of itself molybdenum does not refine the graphite 
structure. Molybdenum yields a remarkable improve- 
ment in mechanical properties ; 1-6 per cent. molyb- 
denum increases the transverse strength and deflec- 
tion of an ordinary iron by two-thirds, and 2-9 per 
cent. molybdenum doubles these properties without 
change of ordinary composition or foundry behaviour. 
Molybdenum irons can be heat treated with advantage 
after machining for wear resistance. 

Monsieur Challansonnet presented two papers on 
the irons containing naturally occurring titanium and 
vanadium, and on irons containing titanium alone. 
Irons containing naturally occurring vanadium and 
titanium are produced in Norway, and are com- 
mercially available. With 0-6 per cent. vanadium the 
graphite is refined considerably in grey irons, and the 
mechanical properties are improved, but in low- 
carbon irons the effect is less marked, as would be 
expected. Titanium restrains the effect of vanadium. 
The Norwegian irons normally carry 0-3 per cent. 
titanium and 0-6 per cent. vanadium, and offer 
a convenient means of introducing these elements 
into grey iron. The paper on titanium is mainly con- 
cerned with reviewing previous work and the action 
of titanium on blackheart malleable, in which it 
lowers the graphitising temperature and the annealing 
time. 

Messieurs Le Thomas and Olinger presented a 
paper on the influence of silicon on graphitisation to 
resolve an apparent contradiction between recommen- 
dations to use high-silicon irons for heat-resisting 
purposes (as in the Silal irons developed in this 
country) and the dilatometric studies of Portevin and 
Chévenard, which show the accustomed réle of silicon 
as a graphitiser. Their work covers the range 1—1C 
per cent. silicon. They confirm that carbon content 
diminishes regularly as silicon increases, and the 
temperature of the pearlitic transformation rises. 
They find this point over 1000 deg. Cent. at 7-5 per 
cent. silicon. Their conclusion justifies the interest 
in and the use of high-silicon irons for heat-resisting 
purposes. 

Messieurs Cournot and Le Thomas and Mlle. 
Halm presented a paper on oxygen in cast irons. 
In cast iron the action of oxygen is less simple 
than in the steels. The methods for the estimation 
of oxygen fall into two classes—vacuum fusion in 
the presence of carbon and hot reduction by hydrogen. 
The former is expensive, but gives the best results. 
It gives at the same time the hydrogen and nitrogen 
present. The second method is longer and requires 
several estimations. It is accurate to about 0-006 
per cent., against 0-002 per cent. 

Messieurs Girardet and Tsou-ren-Kou dealt with 
acid attack on grey iron. This was studied in three 
parts. The progress of corrosion was observed 
microscopically. Increase of acid concentration for 
the usual acids only serves to accelerate attack. The 
accelerating action of graphite occurs only with 
nitric acid, which is an exception to the rule that the 
addition of substances which hinder the evolution 
of hydrogen slows down the attack. Salts of metals 
like nickel and cobalt, added to the bath reduce the 
attack, as does the increase of viscosity of the bath 
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by additions like glycerine and colloidal substances. 
The addition of oxidising agents increases it. The 
qualitative study confirms these results. Finally, 
it was found that coarse graphite iron is attacked less 
than fine graphite iron, and that thermal treatments 
which increase the number of elementary couples 
or render constituents more reactive increase the 
corrosion. 

Messieurs Girardet and Leliévre dealt with the 
desulphurisation of cast iron by sodium carbonate ; 
the reaction between the salt and the metal yields 
sodium, which volatilises, and carbon monoxide. 
The gases produced cause violent ebullition. The 
sodium decomposes sulphides, oxides, silicates, and 
phosphates. The process of desulphurisation was 
studied in three foundries, making large, medium, 
and small castings, the composition, of course, varying 
in the three cases. With sulphur content of 0-06 
to 0-10 per cent. one-third was removed by the use 
of 1 per cent. sodium carbonate in metal at 1250 deg. 
Cent. in five minutes. With sulphur 0-16 to 0-135 per 
cent. the reduction was 40 per cent., and with sulphur 
0-1 to 0-12 per cent. the reduction was 50 per cent. 
They point out that reaction between the soda and 
the slag, which returns sulphur to the metal, makes 
it difficult to add the desulphuriser in the cupola 
spout. Agitation of the receiver increases the de- 
sulphurisation. The results generally confirm British 
and German work. 

Messieurs Guillet and Ballay review the general 
question of alloy cast irons, with special reference to 
obtaining machinability with hardness, to the possi- 
bility of heat treatment or nitriding, to corrosion 
resistance, heat resistance, chilling properties, &c. 
They group the elements in three classes, the first 
being without practical interest as the additions are 
not miscible with iron, such as lead. The second 
group consists of additions forming definite com- 
pounds, such as tin. This group is of little practical 
interest, except in special cases where hardness is 
required. In the third group the element does not 
form a constituent, but acts on normal constituents. 
In this group are nickel, molybdenum, manganese, 
chromium. From the point of view of corrosion 
resistance the austenitic irons are preferred. The 
action of these special elements is dealt with in detail. 
The paper attempts to rationalise previous work rather 
than to break fresh ground. , 

The French have given much attention to deter- 
mining the “pouring capacity”’’ of metal, and 
Professor Portevin endeavours in a very useful paper 
to sum up all the factors which affect the running of 
metal in the mould, including the viscosity, effective 
temperature, sand conditions, &c. The matter has 
received little attention in England, probably 
because for a given set of melting conditions—that 
is, a particularn foundry using the same furnace and 
sand—the running or pouring capacity of the metal 
is governed so much by temperature that the other 
factors are of relatively small importance. There 
is thus no satisfactory English term for this property, 
termed by the French coulabilité (from couler to pour, 
run, teem, or cast). The temptation to use the term 
** fluidity ’’ is. considerable, but Monsieur Portevin 
draws a distinction between coulabilité, which sums 
up all the factors affecting the extent to which the 
metal can fill a mould and the more restricted term 
fluidité, which, as the inverse of viscosity, has a 
precise scientific definition, and is one factor in 
coulabilité. Some English term will therefore have 
to be found, and perhaps to anglicise the French word 
to ‘‘ coulability ’’ may be preferable to any English 











Spiral test pieces for estimating coula- 
bilité have been devised by Rémy and Cury for cast 


alternative. 


iron, and Gabino for steel. The laws have been 
developed that coulabilité varies inversely with the 
interval between liquidus and solidus. It depends 
also on the mode of crystallisation, and inclusions 
also have considerable effect. Coulabilité being a 
basic property of the metal, serves as a quantitative 
measure of the perfection of foundry work. 

Monsieur Levasseur presented a paper on the 
production of high-quality irons in the induction 
furnace at normal frequency. In order to superheat 
and refine cast iron from the cupola, the author 
employs a cored induction furnace at normal fre- 
quency. He gives an illustration of a 7-8-ton furnace 
heated to 1600 deg. Cent. This has 800 kilos. capa- 
city, taking 100 kilowatts, and is supplied with 
220-volt, three-phase current at 50 periods. Com- 
pared with an arc furnace there is an annual economy 
of 15,000f. For fluctuating output it is suggested 
that an induction furnace at normal frequency should 
deal with the constant tonnage, and for the irregular 
surplus an are furnace be used, which could also serve 
other purposes. 

Monsieur Laissus presented an interesting paper 
on progress in metallic cementation for decorative or 
protective purposes. Low-temperature treatments 
(below 500 deg. Cent.) cover sherardising; while 
intermediate temperatures (500 deg. to 1000 deg. 
Cent.) cover calorising. At high temperatures 
(1000 deg. to 1200 deg. Cent.) the author has tried 
cementing iron and steel with chromium, tungsten, 
molybdenum, tantalum, cobalt, vanadium, boron, 
titanium, zirconium, uranium. He tabulates pro- 
perties obtained, hardness, oxidation at high tem- 
peratures, corrosion resistance, which appear remark- 
ably good. For cast iron the treatments are not yet 
verified practically, but analogous results are obtained. 
Trials have also been made on the copper alloys. 








White Bearing Metals. 


Wuitst the technical and economic importance 
of bearing metals is fairly generally recognised in 
most branches of engineering, and much thought is 
often given to the selection of the most reliable 
alloy for a particular application, it is frequently the 
case that the actual melting of the metal and the 
lining of the bearings is carried out in a most hap- 
hazard manner. The failure to realise that the 
handling of a white-metal in the lining shop is at 
least as important as the selection of a suitable com- 
position is undoubtedly responsible for many of the 
disappointing experiences reported by certain users 
of bearing metals which, in other hands, have given 
every satisfaction. 

In these circumstances, more than usual interest 
attaches to a recent publication in the series 
‘* Forschungsarbeiten iiber Metallkunde und Réntgen- 
metallographie ’’ of a volume on white-metals for 
bearings, by Dr. Ernst Fleischmann. This well- 
printed and clearly illustrated book gives an account 
of investigations conducted by the author over a 
period of seven years in the Technische Hochschule 
at Munich, and also discusses at some length the 
principles underlying the selection, melting and 
casting of white-metals. A considerable portion of 
the book is concerned with mechanical testing and 




















SurrLeMent to Tue Enorveer, Dec. 30, 1932. 


183 








frictional properties, but it is only proposed to deal 
here with the sections relating to the metallurgical 
aspects of the melting and casting of the metal. 

The first thing which ought to be ascertained 
regarding a white-metal is its melting range ; never- 
theless, it is surprising to find how little information 
on this point is available, even on well-known alloys. 
The author recommends a casting temperature 
approximately 50 deg. Cent. higher than the tempera- 
ture at which solidification commences. There is 
an obvious danger of segregation occurring if a pot 
of white-metal is held for any length of time at a 
temperature below that at which solid begins to 
appear, while the risk of oxidation increases if the 
temperature becomes unduly high. Even when the 
surface of the molten metal is protected as far as 
possible by means of charcoal, a certain loss by 
oxidation occurs, which amounts on the average to 
0-5 per cent. for tin-rich alloys, 1-5 per cent. for 
lead-base white-metals containing 5 to 10 per cent. 
of tin, and 3 per cent. for the white-metals consisting 
of lead hardened by alkali metals. Since in the latter 
case oxidation of the expensive alkaline and alkaline 
earth metals is very difficult to prevent, and the 
effect on the properties of the alloy is very marked, 
the use of this bearing metal is not to be recom- 
mended where extremely careful manipulation cannot 
be assured. The contamination by oxides which 
results from repeated melting in practically all 
white-metals has an adverse effect not only on the 
* bearing properties, but also on the adhesion to the 
shell. In this respect the author states that 
““'Thermit ’’ white-metal, having the composition 
lead, 72 per cent.; antimony, 20 per cent.; tin, 4 
per cent.; copper 1 per cent.; nickel, 3 per cent., is 
exceptional. This alloy may be remelted ten or 
twenty times without deterioration, whilst other 
white-metals are distinctly affected by remelting 
three times. Covering the surface of the molten 
metal with powdered salammoniac assists in prevent- 
ing oxidation. 

An important observation is recorded in connection 
with the phenomenon of segregation. It is stated 
that even when a crucible of white-metal is main- 
tained at a temperature high enough to ensure the 
absence of any solid in the alloy (provided it is of 
uniform composition throughout), on standing a 
gradual segregation occurs, the lower portion of 
the melt becoming richer in the heavier constituent 
metals. This is particularly liable to happen in the 
tin-rich white-metals containing copper and anti- 
mony—for example, the alloy, tin 80 per cent., 
copper 8 per cent., antimony 12 per cent. Dr. 
Fleischmann describes an experiment in which 
8 kilos. of this metal were held at a temperature 20 
deg. Cent. higher than the upper melting point, 
i.e., in the completely molten condition, in a crucible 
without stirring for two hours. On pouring out the 
contents of the crucible a mass of solid crystals 
having the composition tin 73-5 per cent., copper 
15 per cent., antimony 11-5 per cent., was found in 
the bottom of the pot. The explanation given for 
this phenomenon is that as a result of segregation 
in the liquid state the alloy in the lower part of the 
crucible became so enriched in copper that its upper 
melting point was raised above the temperature 
prevailing in the crucible. This experiment demon- 
strates the necessity for frequent stirring of the 
pot of metal, but it is pointed out that elaborate 
stirring mechanism is not required, vigorous move- 
ment of a ladle up and down in the molten metal 
about once in every three minutes is sufficient. 











With regard to the cleaning, tinning and lining 
of steel shells, the recommended procedure is set 
out in considerable detail. Cleaning and tinning are 
carried out in the normal manner. The hot, tinned 
shell is transferred as quickly as possible to the 
base of the jig, which has been heated previously 
to 150 deg. Cent., and the mandrel at 200 deg. Cent. 
is placed in position. In adjusting these temperatures 
and that of the shell and in controlling the rate of 
cooling by water or an air jet the object should be 
to ensure that the white-metal remains molten in 
the mould formed by shell and jig for not longer 
than five minutes and not less than one minute. 
If cooling is too slow there is danger of the solidified 
white-metal having an excessively coarse grain- 
size, but, on the other hand, a certain minimum 
period of contact of the molten metal with the 
steel shell is necessary to permit superficial alloying 
to take place, thus ensuring a true ‘ bonding ”’ 
and satisfactory adhesion. Moreover, excessively 
rapid cooling may cause the lining to part from the 
shell on account of the stresses set up through the 
difference in the coefficients of thermal expansion 
of the white-metal and the steel, bronze or brass of 
the shell. Small quantities of arsenic, which are 
sometimes added to white-metals for the sake of the 
reduction in viscosity which they appear to produce, 
have an adverse effect on the adhesion of the lining 
to bronze and brass shells. (Poor adhesion is said 
to result also when the bronze or brass of the shell 
contains arsenic, even though the white-metal may 
be free from arsenic.) Increasing the arsenic content 
to 0-8-1-2 per cent. apparently overcomes this. 
difficulty, judging by the success with which alloys 
containing this proportion of arsenic have been used 
in America. 

A hitherto unrecorded factor in the adhesion of 
white-metal linings is revealed by observations made 
by the German author. When an ordinary white- 
metal containing copper is melted and allowed to 
cool, after solidification a yellow coloration is seen 
on the surface. This coloration cannot be oxide 
because it is produced even when fusion and setting 
occur in an atmosphere of hydrogen. It is, apparently, 
formed on cooling just before solidification is com- 
plete, but thermal analysis gives no clue to its nature. 
The yellow surface, which is almost certainly an 
indication of a local enrichment in copper, cannot 
be due to “ gravitational ’’ segregation of the type 
described earlier, since, in normal circumstances, it 
is not found on the bottom of a melt which has been 
allowed to solidify in a crucible. It is extremely 
interesting to note that the yellow coloration can 
be produced on the bottom of the metal if the melt 
is cooled from above in such a way that the lower 
part is the last to solidify. Dr. Fleischmann arrives 
at the conclusion that some type of dissociation 
of the eutectic or solid solution occurs at a tempera- 
ture close to that of complete solidification, and 
finds, incidentally, that this dissociation can be 
prevented by quenching. The practical significance 
of these observations is that the copper-rich portion 
of the alloy which is responsible for the yellow colour 
gives very poor adhesion to the tinned shell, and it 
is believed that many failures are due to this cause. 
It is, therefore, essential to make certain that in 
lining shells solidification of the white-metal begins 
at the bearing surface of the shell. A convenient 
method of securing this is to cool the shell by water 
while the white-metal is still molten, at the same time 
maintaining the temperature of the mandrel by means 
of a gas burner. This procedure also has the advan- 
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tages that any entrapped air bubbles are able to 
move away from the shell and that a reservoir of 
molten metal is retained for some time to “feed” 
the metal freezing on the shell. 

Mechanical anchorage of the lining to the shell 
should only be regarded as auxiliary to alloyed 
adhesion. The use of devices such as dovetailed 
grooves and conical holes in the shell are unsatis- 
factory when used alone, since the keying of the white- 
metal in the grooves and holes becomes loose in time, 
with the result that oil finds its way between the 
lining and the shell, conduction of heat away from 
the bearing surface is impeded, and the bearing 
metal becomes overheated. 








The Spectroscope in the Works. 


THE possibilities of spectrum analysis for industrial 
purposes, especially in the non-ferrous industries, are 
gradually coming to be recognised, and considerable 








While the value of the most accurate forms of 
spectrum analysis, which are now developed to a 
point where a high degree of quantitative accuracy 
has become possible, is undoubted, it is a method 
which must appear slightly formidable to those not 
accustomed to the use of accurate physical apparatus 


and methods. The fact that for quantitative pur- 
poses the ultra-violet regions of the spectrum yield 
the most useful features makes it impossible to apply 
visual methods, and recourse must be had to photo- 
graphy and then in some cases to the accurate esti- 
mation of line-intensities by photometric measure- 
ments of the negatives on which portions of the 
spectrum have been photographed. These and other 
considerations, among which the high cost of the 
sensitive spectrographs, and the skill demanded of 
the operator are important factors, have stood in the 
way of the wide adoption of the method for industrial 
purposes. It is therefore interesting to find that a 
very much simplified form of spectroscope has now 
been developed specifically for works use. The instru- 
ments which have been demonstrated to us are the 
“* Spekker Steeloscope ”’ and its younger brother, the 
** Non-Ferrous Spekker,’’ made by Adam Hilger, Ltd. 

















Fic. 1—HILGER’S WORKS SPECTROSCOPE 


research work on the subject has been carried out, 
both by the makers of spectroscopic apparatus and 
on behalf of the actual or potential users. Thus the 
British’ Non-Ferrous Metals Research Association 
devotes attention to this subject, and its Research Sub- 
Committee that deals with it has issued a number of 
valuable reports, some of which have already been 
published. In America the possibilities of the spectro- 
scope—and more especially the ultra-violet spectro- 
graph—had been realised some time before we 
took the matter up in this country, although 


the American work was begun with British instru- 
ments. 








We regret that we cannot congratulate them on the 
name selected for their instrument, although we can 
discern in it a desire to render it as homely and non- 
forbidding as possible. But a little respect for euphony 
and etymology might perhaps be looked for even in a 
coined name, however homely. Apart from this very 
minor point, however, the instrument bears the 
promise of great usefulness and is likely to put into 
the hands of the practical metallurgist a new scientific 
aid of the most useful and simple kind. 

The instrument, the general appearance of which is 
shown in the accompanying Fig. 1, is really a simple 
and sturdy form of prism spectroscope. The light 
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from an are formed between samples of the metal 
under examination enters a collimator through a well- 
protected slit and is spread into a spectrum by means 
ofa prism. This spectrum comes to a focus at the end 
of what is best described as a fan-shaped or rather a 
flattened conical tube. The observer looks at this 
spectrum—it is a visual spectrum with only a 
moderate degree of dispersion—through an eye-piece, 
but—and this is the ingenious feature of the instru- 
ment which renders it so easy to use—this eye-piece 
is not placed in a fixed position, but is capable of being 
moved across the wide end of the spectroscope tube 
in such a way that only a small region of the spectrum 
is seen at any one time. The result of this limitation 
of the field of view is that in any ordinary non-ferrous 
spectrum only a few bright lines are visible. For the 
detection of particular metals which may be present 
as impurities or as minor constituents of the alloy, 
a particularly characteristic group of lines has been 
selected such that the presence or absence of a line or 
lines due to the element in question can be seen at a 
glance. Thus, in brass the presence of iron or of tin 
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or of lead can be seen at once by simply moving the 
eye-piece to the position marked with the chemical 
symbol of that element. If the proportion of the 
element in question is not too small it is extremely 
easy to recognise its characteristic lines and it would 
be quite easy for an observer with very little skill or 
experience to learn to use the instrument. In order 
to aid the beginner, however, the makers provide 
diagrams showing the field of view utilised for each of 
the elements in question in which the lines due to the 
predominant metal, such as copper in the case of 
brass, are shown running entirely across the field, 
while the lines due to the foreign or added elevauent are 
shown only halfway, although in the spectroscope 
itself t..ey, of course, also run right across. We repro- 
duce one of these diagrams, relating to tin in brass, 
in Fig. 2. 

Some of the practical possibilities of such an instru- 
ment are, of course, obvious. The sorting of batches 
of different alloys and more especially the control of 
scrap offers a very important field. The standard 








instrument is marked for the detection of tin, lead, 
iron, and manganese in brass and bronze, but the 
makers offer to adapt the instrument for other alloys 
of the non-ferrous type, and no doubt this will be 
possible. It is, however, surprising to find that in 
connection with brass itself no attempt has been 
made to provide for the detection of aluminium, and 
the question whether this element can be satisfactorily 
identified in the visual spectrum and, if so, with what 
degree of sensitiveness does not appear to have been 
worked out. It is also a question how far the arc 
method of generating the light for the spectrum can 
be applied to the more fusible metals such as lead and 
tin and their alloys. It would seem in fact, that the 
metallurgical possibilities have not been as fully 
worked out as one might perhaps expect in the case 
of an instrument put forward by a firm of great 
repute, and that the collaboration of a competent 
metallurgist would have been of advantage. The 
instrument, however, is so ingeniously simple and 
easy to use and has such wide possibilities of valuable 
application that we hope its further development 
will be rapid and successful. 








Gases in Metals. 
By L. L. BIRCUMSHAW, M.A., D.Sc. 


Metallwirtschaft for August 19th contains a paper 
by P. Réntgen and H. Braun,' of Aachen, on “ the 
Solubility of Nitrogen and Hydrogen in Aluminium.” 
The authors point out the very discordant values 
which have previously been obtained by various 
workers and consider it essential that an apparatus 
should be devised which will give easily repeatable 
and true equilibrium values. 

The method used by these investigators is 
essentially that of Sieverts and the apparatus is, in 
effect, a calibrated gas thermometer at constant 
pressure, the absorbed gas being measured volumetri- 
cally. 

Previous workers are agreed that the solubility of 
hycrogen in aluminium and some of its alloys is 
extremely small in the region of the melting point, 
but increases with rise of temperature. The authors 
of the paper under review discuss the large deviations 
which have been found by several workers in this 
field and mention variation in purity and preparation 
of the metal and methods used for the estimation of 
the gas, as factors. They criticise adversely the work 
of experimenters who have relied on a determination 
of the specific gravity of the specimen and point out 
that although the method may give useful information 
about the soundness of castings, it gives no real 
information on either the gas content or the solubility 
equilibrium. The work of Claus* and also Czochralski® 
is reviewed from this standpoint. The fact that 
carbon monoxide and dioxide are sometimes found 
in the gases obtained on heating aluminium is no 
proof that these gases were present in solution in the 
metal as such; they may have been produced from 
the oxide in the melt or the crucible or the crucible 
materials and carbon (as the element or carbide). A 
really reliable method for the determination of carbon 
in aluminium is apparently not yet available. 





1 P, Réntgen and H. Braun, Metallwirtschaft, Metall wissen- 
schaft and Metalltechnik, 1932, p. 459. 

2 Claus, Z. Metallkunde, 1929, 21, 268-271. 

3 Czochralski, Z. Metallkunde, 1922, 14, 277. 
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The authors comment on the rather curious fact 
that the quantities of gas obtained on heating the 
metal in vacuo do not always correspond with the 
observed equilibrium values. The results of the work 
of Réntgen and Braun are given graphically in Fig. 1 
and represent the means of nine determinations. It 
was found that only above the melting point was the 
solubility of sufficient magnitude to be measurable, 
and that the solubility and the rate at which equi- 
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librium was established increased with rise of tem- 
perature. After obtaining the value for a particular 
~ metal specimen it was found that after a short period 
of pumping, if it were again put in contact with gas, 
the previous equilibrium value was repeated after a 
few minutes ; also if the metal were cooled in hydrogen 
from a higher to a lower temperature the solubility 
corresponding to the lower temperature was found. 
In Table I. are given the results of experiments 
made with specimens of different weight (and pre- 








The authors comment on certain regularities 
noticed by Borelius‘ in the relation between solubility 
and temperature. By plotting the logarithm of the 
solubility against the reciprocal of the absolute 
temperature, curves were obtained which were nearly 
linear. The curves obtained bear no relation to 
those showing the total hydrogen concentration in the 
gas phase, but bear an obvious relation to the curve 
giving the dissociation of hydrogen. The values 
obtained by Réntgen and Braun have been similarly 
plotted and a corresponding curve has been obtained. 

The authors draw the following general con- 
clusions :— 


(1) If de-gassed aluminium is brought into contact 
with hydrogen at constant temperature the solu- 
bility is proportional to the concentration of 
hydrogen atoms in the gas. 

(2) At constant pressure the solubility increases 
with rising temperature and increasing dissociation 
of the gas. 

The equilibrium values could be repeated within 
the limits of the experimental accuracy as often as 
desired. 

Suggestions are put forward to explain the fact 
that some samples of metal appear to contain more 
gas than the determined equilibrium value at a 
particular temperature.. In the reduction process 
in the electric furnace water is evolved, both from the 
charge and the furnace materials, which is decom- 
posed electrolytically and by the hot metals present. 
The atomic hydrogen thus produced is rapidly dissolved 
by the metal and in freezing the escape of gas into the 
atmosphere is checked by the oxide skin and possibly 
by the fact that some of the metal may be already 
frozen. Possibly just underneath the oxide skin a 
thin layer of hydrogen forms, with which the adjacent 
layer of metal will be in equilibrium as regards H 
atoms. Diffusion of hydrogen atoms in the metal 
can no longer take place, since a concentration differ- 
ence does not now exist. Since a fall of temperature 
of the metal involves a fall of solubility, hydrogen 
atoms in the metal combine to form molecules and 
finally small bubbles. Owing to the high surface 
tension of the metal the formation of these bubbles 
may be very difficult. If, however, commercial 
aluminium is melted under a protecting skin of oxide 
at not too high a temperature, only a small amount of 


TasBLe I.—C.c. of Hydrogen in 100 Grammes of Metal. 








Temp Veral Veral, Veral, Veral, Veral, | Veral, Veral, | AL, | AL, | Mean. 
| 33 grm. 55-5 grm 52 grm. 73 grm 67-6 grm.| 61 grm. 33 grm. 70 grm. 56 grm. | 
| 
700 -- o-1s | — | — | o-s2 0-33 -- — | — | 0-08 
800 “= 0-9 0-58 | 0-82 | “5 1-64 0-9 0-86 | 0-77 0-88 
900 1-2 2-16 2-02 2-19 | 5 3-12 2-7 3-0 } 1-92 2-31 
1000 4-0 3-86 3-66 3-63 | 7 4-92 5-1 5-28 3-36 4-17 
1100 _ — | _- = = os _— | 6°35 — 
| 





sumably the same surface). These figures should, of 
course, be independent of the weight of metal taken. 
This is considered to be the case and therefore the 
ratio of surface to mass of the metal does not influence 
the results. 

In two experiments the dependence of the solubility 
on the pressure of the gas was established. At con- 
stant temperature the solubility was found to be 
proportional to the square root of the pressure. The 
experiments were carried out with a commercial 
aluminium (Veral) and a pure aluminium (Hoope) 
and no difference could be detected. 








hydrogen will escape. The small bubbles have not 
sufficient pressure to grow, collect, and escape. 
Interesting observations have been made by Guillet 
and Roux,* who found that cast aluminium contained 
less gas than the same material in the form of foil, 
and Villachon and Chaudron,’ who established that 
vacuum melted aluminium after conversion into foil 





* Borelius, Metallwirtsh., 1929, 8, 105. 

5 Bircumshaw, Phil. Mag., 1926, 510. 

* Guillet and Roux, Rev. Met., 1929, 26, 324. 

? Villachon and Chaudron, Comp. Rendus, 1929, 189, 324. 
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again evolved a considerable amount of gas. The 
German authors explain these results on the supposi- 
tion that the gas is present in extremely fine bubbles. 
If the material is heated and pumped for too short a 
time only a part of the gas can escape. If the material 
is then cast the bubbles will be under very strong 
pressure and when heated in vacuo to a particular 
temperature molecular rearrangements, such as would 
be involved in recrystallisation, may lead to an escape 
of gas. We may expect, then, with strongly cold- 
worked material, on account of the recrystallisation 
and simultaneously large increase of intercrystalline 
surface, to find an evolution of gas on heating. 

One of the most interesting results of Réntgen and 
Braun’s work is their observation of the rapidity 
with which equilibrium is established between the 
metal and gas. This does not appear to have been 
the experience of other workers in this field. The 
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German authors have also made some very interesting 
experiments on the absorption of nitrogen by 
aluminium. It has been for a long time known that 
the slag from molten aluminium gives rise to ammonia 
in presence of moisture. This is probably due to the 
decomposition of nitride according to the following 
equation :— 
AIN+3 H, O=Al (OH),+N Hj. 

It was found in these experiments that nitrogen was 
absorbed by .aluminium and that the absorption 
measured in unit time increased with rise of tem- 
perature. Just above the melting point after a 
certain time no more absorption took place, but at 
higher temperatures the curve always rises. These 
results are shown in Fig. 2, and it will also be seen 
that the velocity of absorption rises rapidly with 
temperature. It was established that between 


700 deg. and 1000 deg. Cent. no solubility of nitrogen 
in the metal exists, but that a thin film of nitride is 








produced which forms a protecting skin. Further 
reaction can only take place by diffusion through the 
skin and the curves obtained showed that up to a 
temperature of 900 deg. Cent. this occurs only to a 
very small extent. A penetration of nitride particles 
into the melt could not be detected by microscopic 
means and the skin was so thin that an examination 
by the same method was also impossible. 








Elongation Values on Thin Sheet 
Metal. 


Ir has long been known that the results obtained in 
tensile tests are affected by the shape of the test piece, 
and, in fact, some of the classical investigations on the 
subject of testing have been concerned with this 
particular problem. There have also been several 
recent investigations in the same field, and in 1927 
Nichols, Taylerson, and Whetzel published con- 
version factors for comparing the total percentage 
elongation for differently shaped test pieces of thin 
metal. They gave a factor of 1-23 for converting 
total elongation on a 4in. gauge length to elongation 
on a 2in. gauge length. R.L. Kenyon, on the other 
hand, whose work is described in the October issue of 
Metals and Alloys, found with low-carbon sheet steel 
of deep drawing quality on }in. wide test pieces with 
2in. and 4in. gauge lengths and 2}in. and 4}in. 
parallel lengths that the percentage elongation of the 
shorter specimen was 1-12 to 1-15 times that of the 
longer specimen. The ratio of elongation on 2in. and 
4in. gauge lengths, however, measured on the same 
4in. test piece, agreed with that of the previous 
investigators. Kenyon considered that the two 
possible causes for this lack of agreement were differ- 
ences in the speed of testing and the effect of the 
fillets on the elongation near the end of the parallel 
portion. His investigation consisted of a study of the 
effect of these two factors, methods of measuring 
uniform elongation and reduction of area and the 
effect of gauge length on these values, and the deter- 
mination of elongation correction factors for specimens 
of different thickness but of equal length and width. 
All the tests were carried out on 19-gauge low-carbon 
steel sheet normalised, pickled and finally box 
annealed. 

It was found that when test pieces are pulled at 
the same rate of strain—that is, elongation in inches 
per minute per unit of gauge length—the ratio of total 
elongation is about the same, independent of the rate 
of strain. The factor for converting elongation on a 
4in. gauge length to elongation on a 2in. gauge length 
is 1-24, provided both specimens are pulled at the 
same rate. Variations in the rate of strain from 
0-08in. to 0-38in. per inch per minute raise the yield 
point by about 2500 Ib. per square inch and lower the 
total percentage elongation on both 2in. and 4in. 
gauge lengths by about 3 per cent. The percentage of 
uniform elongation is also reduced by increased rate 
of strain. It would therefore seem that differences in 
the rate of strain are sufficient to account for the dis- 
crepancy in the ratio values referred to above. 

In the region of the fillets where the parallel portion 
of the test piece merges into the shoulders a certain 
amount of stress is concentrated, but the results 
obtained by Kenyon on test pieces of varying length 
of parallel section indicate that a 2}in. parallel length 
is sufficiently long to yield total elongation values on 
a 2in. gauge length unaffected by the shoulders. 
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Similarly, a 4}in. parallel length is sufficient for a 
4in. gauge length on test specimens fin. wide at the 
shoulders, }in. wide at the parallel portion, and having 
fillets of lin. radius. 

The total elongation, which is the quantity usually 
measured, includes the general elongation over the 
whole gauge length and the local elongation at the 
fracture. The former is directly proportional to the 
gauge length and the latter is a function of the cross- 
sectional area. The relative effect of the two can be 
varied by changing the gauge length relative to the 
cross-sectional area or the slenderness ratio L/V. A, 
where L is the gauge length and A is the cross-sectional 
area. It is characteristic of total elongation values 
that curves connecting them with the slenderness 
ratio tend to become asymptotic to some minimum 
value as the slenderness ratio increases. Although 
the total elongation value is the quantity generally 
determined, it is not as satisfactory an indication of 
ductility for drawing quality as the uniform elonga- 
tion, which is the elongation which occurs before 
necking commences. Unlike the total elongation, the 
uniform elongation is characteristic of the material. 
Several investigators have commented on the diffi- 
culty of determining when necking begins and esta- 
blishing separately the magnitude of the uniform 
stretching and the magnitude of the elongation due to 
necking, while Kuntze and Sachs have shown that 
the entire length of the test piece continues to elongate 
after necking begins. It would seem that uniform 
elongation cannot be determined from any measure- 
ments taken from fractured test pieces, for Kuntze 
and Sachs have further shown that even portions con- 
siderably removed from either fracture or shoulder 
have elongated to an extent greater than the uniform 
elongation. Kenyon has shown that uniform elonga- 
tion, which is independent of the gauge length, can 
be measured from accurate stress-strain curves, as 
suggested by Vietérisz. During the course of the 
tensile test a point is reached where the decrease in 
cross-sectional area just offsets the cold working 
effect of the plastic deformation and the applied load 
reaches @ maximum. The point at which the line 
drawn from this position on the stress-strain curve, 
parallel to the elastic portion of the curve, meets the 
horizontal axis indicates the uniform elongation to 
within +1 percent. The reduction in width at the 
fracture was found to be independent of the gauge 
length or rate of strain. 

As already noted, the total elongation is a function 
of the gauge length and cross-sectional area, which 
may be expressed as a slenderness ratio L/+/A, and 
it is possible to use this relationship for comparing 
the total elongation on test specimens of the same 
cross section and varying gauge length, or of the same 
length, but varying cross section. Kenyon has deter- 
mined factors applicable to mild steel sheets for com- 
paring total elongation for different thicknesses on 
2in. by }in. tensile test pieces with reference to an 
arbitrarily fixed standard thickness. Similar relation- 
ships no doubt hold for other materials, but in each 
case the actual values for the correction factors would 
vary. Since, however, uniform elongation is not 
affected either by gauge length or cross-section and 
provides a more satisfactory indication of ductility 
and drawing quality, it would appear to be for many 
purposes a more useful quantity to determine than 
the total elongation. 








The Theories of Passivity and of 
Corrosion. 
By ERNEST 8S. HEDGES, Ph.D., D.Se. 


WaurtstT the greater number of metallurgists and 
chemists will agree as to the far-reaching importance 
of corrosion research, the phenomenon of passivity 
is apt at times to be regarded more in the sense of a 
** chemical curiosity,” although it would be admitted 
that anodic passivity is a definite evil in electro- 
plating practice. The theory of passivity is indis- 
solubly linked, however, with that of corrosion, 
and in one sense the study of passivity is even 
more important, for passivity is the natural mode 
of protection of a metal against corrosion. If it 
is admitted that the practical aim of corrosion 
investigations is to reduce the amount of corrosion, 
the study of spontaneous protection is clearly of the 
greatest importance. In point of fact, the practical 
protection of metals is generally an artificial way of 
securing the property of a passive metal. This is 
done sometimes by deliberately coating the metal 
with a film of oxide or other compound, and thus 
imitating directly the natural passive state, and 
sometimes by placing on the surface of the metal a 
thin layer of another metal, such as chromium, 
which does not corrode under the particular conditions 
of use. In the latter case it must be borne in mind 
that the chromium surface is itself passive, being 
covered with an invisible, naturally acquired oxide 
film. 

Before describing briefly some of the directions in 
which the study of passivity has led to important 
developments in prolonging the useful life of metals, 
it is desirable to discuss a few of the more purely 
scientific researches which have made these develop- 
‘ments possible, and particularly to show how agree- 
ment has been reached on almost all the main features. 

The well-known passivity or inertness of iron in 
concentrated nitric acid was described by Keir as 
early as 1790, and was investigated by Schénbein 
and by Faraday in 1836. Faraday, with characteristic 
insight, believed that the passive iron was coated with 
an invisible film of oxide, which protected it from the 
action of the acid. It was natural that this view 
should be regarded with serious doubt, on the grounds 
that the oxides of most metals are readily dissolved 
by acids. The oxide film theory was rejected almost 
universally, and in its place arose theories based on 
the obvious alternative—that the iron or other metal 
is converted into an inert, allotropic modification 
when it becomes passive. Outstanding among the 
supporters of such views were Berzelius (1844), 
Hittorf (1898), and in more recent times Smits 
(1922). W. J. Miiller in his early work rejected the 
oxide film theory. 

Difficulties presented by the apparently similar 
optical properties of active and passive metals have 
been removed in recent times by the work of Freund- 
lich, Patscheke, and Zocher (Z. Physikal Chem., 
1927, 130, 289) and of Tronstad (Dest Kgl. Norske 
Videnskabers Selskabs Skrifter, 1931, No. 1). The 
objection that the supposed protective oxide film 
should be dissolved by acids has been overcome by 
the present author’s experiments (Hedges, J. Chem. 
Soc., 1928, 969), which show that iron is passive in 
nitric acid only under conditions such that anhydrous 
ferric oxide is insoluble. In fact, it is now well 
known that freshly ignited ferric oxide dissolves in 
acids with the utmost difficulty. It is of great signi- 
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ficance that the three metals which are most readily 
passivated (iron, chromium, and aluminium) give 
oxides which in the freshly ignited state are scarcely 
dissolved by acids. 

Foremost among the researches which have pro- 
vided direct evidence of the existence of oxide films 
on the surface of passive metals are the beautiful 
experiments described by Evans in a series of papers 
published in the Journal of the Chemical Society, 
1927, et seg. In these experiments, methods of 
isolating the protective oxide film were devised. 
Whilst the film is invisible so long as it is in optical 
contact with the underlying metal, it can readily be 
seen under the microscope when separated therefrom, 
and its properties can then be studied. Mention must 
also be made of the well-known work of Vernon 
described in his reports to the Atmospheric Corrosion 
Research Committee of the British Non-ferrous 
Metals Research Association (T'rans., Faraday Soc., 
1924, 19, 839; 1927, 23, 117). Vernon measured 
the increase of weight of metals exposed to atmo- 
spheres of various types, and the work demonstrates 
clearly the protective action of certain oxide films. 

Passivity of metals can be induced not only by the 
action of oxidising solutions or of oxygen itself, but 
also by anodic treatment. The relation between the 
electro-chemical passivity thus produced and the 
earlier observed chemical passivity has become clear 
only during the last few years. Experiments con- 
ducted by the present author (Hedges, “ Protective 
Films on Metals,”” London, 1932), on the formation 
of anodic films under conditions such that the film 
automatically appears and disappears periodically, 
provided peculiarly favourable conditions for the 
close study of these films. Experiments with anodes 
of twelve different metals led to the view that anodic 
passivity is a special case of film formation, and is a 
property exhibited in various degrees by all metals 
under suitable conditions. Passivity is the result 
of the formation of a film of insoluble material, and 
is exhibited in different measure according to the 
protective properties of the film under the particular 
conditions prevailing. 

These experiments have led to the following general 
theory of anodic polarisation, which may be dis- 
cussed for the sake of simplicity with special reference 
to the passivation of an iron anode. When iron is 
made the anode in a dilute sulphuric acid solution 
there will be a certain critical current density above 
which sulphate ions are discharged more quickly 
than they can be replaced by diffusion. Some 
hydroxy] ions will then be discharged simultaneously, 
and the result of this effect and the repulsion of 
hydrogen ions from the positively charged anode is 
to increase the hydroxyl ion concentration in the 
layer of liquid in immediate contact with the anode, 
so that oxide or basic salt is produced. As sulphate 
ions are still being discharged, the film is not con- 
tinuous and protective and may therefore grow to 
visible thickness, as shown independently by the 
present author and by W. J. Miiller. This relatively 
thick film has the effect, however, of raising very 
greatly the effective current density at those areas 
of the electrode left uncovered. The result is that at 
some isolated spots the discharge will consist mainly 
of hydroxy] ions, giving a perfectly continuous oxide 
film. When this film has formed, discharge of either 
sulphate or hydroxy] ions will give rise to evolution 
of oxygen. This thin, invisible, and protective film 
cannot grow in thickness, but .will extend sideways, 
rapidly covering the whole surface of the electrode. 
For a number of years a very closely parallel series 















of researches on anodic passivity has been carried 
out by W. J. Miiller and his collaborators in Vienna. 
The recent publication of an important paper (Korro- 
sion und Metallschutz, 1932, 8, 253) from that labo- 
ratory, in which the relation between corrosion and 
passivity is discussed, invites a brief review of the 
nature and extent of this work, particularly as the 
final conclusions are in almost complete agreement 
with the work carried out independently in this 
country. 

The essence of Miiller’s experimental arrangement 
is the elimination of disturbances at the anode due to 
convection. By using a horizontally disposed anode, 
sheltered from such disturbances, the reaction pro- 
ducts remain where they are formed, and their pro- 
perties can be observed. The current density- 
potential curves for different anodes in various 
solutions can then be made reproducible, and the 
value at which the potential rises suddenly can be 
determined. 

The most striking feature of the work is to show 
that the time during which the current must flow 
before passivity sets in depends on the current 
density. Passivity can be brought about either by 
a low current acting for a long time or a high current 
acting for a short time. This relation suggests that 
some substance must accumulate at the surface of 
the anode before the metal can become passive. 
Miiller’s view is that some product accumulates at 
the surface until the solution becomes super- 
saturated in the immediate vicinity, whereupon a 
solid crystallises out on the surface of the metal. 
The deposit thus formed covers a large part of the 
surface, increasing the effective current density at the 
uncovered portions to perhaps 100 or 1000 times the 
original value. This film is not held to be the pro- 
tective film causing passivity, but by screening a 
large part of the electrode it may lead to conditions 
which cause true passivity. Miiller calls the first 
stage “‘ Bedeckungspassivitat ’’ and the second stage 
**chemische Passivitat.” 

The relation between the two stages has been 
elucidated by studying quantitatively the rate of 
fall of current with time, whilst the composition of 
the film responsible for the “‘ Bedeckungspassivitat ” 
has been confirmed in some cases by direct observa- 
tions with the polarising microscope. These films 
appear to be normal salts when fairly concentrated 
solutions of acids are used, but in more dilute solu- 
tions they consist of basic salts or even of oxides or 
hydroxides. 

For the ‘“sideways-growth”’ relation of the 
deposited layer, assuming that the thickness of the 
film remains constant, the fall of the current « with 
the time ¢ is given by 

i 2-3 i,—t 
paO+A [St 7, =a 

where i, is the initial current, i, is the residual current 
which leaks through, C and A are constants defined 
by the formule 

soF 8 0 

Cera AWE —ae 

where s is the specific gravity of the film material, 
@ the thickness, F the original area of the anode 
surface, k the electro-chemical constant, u the 
anionic transport number, w, the resistance from the 
cathode to the boundary layer adjacent to the anode, 
and K the conductivity of the solution in the boundary 
layer. 

This relation has been confirmed experimentally 
for anodes of copper in sulphuric acid and for anodes 
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of iron and nickel in the early stages. In the later 
stages of anodic passivation, iron and nickel follow a 
course which can be related to growth of the film in 
thickness. Then the currents 4, and ¢, passing at 
times ¢, and ¢, are in accordance with the formula 


ae 
an [3-§] 
where B is a constant depending on the area un- 
covered. This relation was confirmed experimentally 
also for anodes of zinc, chromium, and lead. 

The results are thus closely in agreement with the 
views already discussed, and in his later papers Miiller 
definitely accepts the existence of a protective oxide 
film at passive anodes. He still believes, however, 
that the formation of this film is preceded by an 
electronic change in the metal when this can exist 
in more than one state of valency. In the case of 
iron in dilute sulphuric acid, his view is that ferrous 
sulphate is first formed (‘‘ Bedeckungspassivitat ”’), 
and screens a great part of the anode, so that at 
unprotected spots, subject to a very high current 
density, a change is brought about which induces 
the metal to go into solution as ferric ions. The 
substance thus produced is readily hydrolysed, and 
forms a protective film of ferric oxide on the iron 
(‘‘ chemische Passivitét ’). With aluminium, where 
no change of valency can occur, the whole process is 
regarded as ** Bedeckungspassivitat.” 

It is clear that, whether the change of valency 
observed in some cases is & primary or secondary 
phenomenon, there is now practically universal 
agreement that anodic passivity, like other forms of 
passivity, is characterised by the existence of a pro- 
tective film. 

Whilst it has been believed for a long time that the 
degree of protection afforded by the film depends on 
its continuity, Miller has now commenced a quantita- 
tive attack, by which it should be possible to express 
a definite value for the protective nature of the film. 
Like previous investigators, who have discussed the 
problem qualitatively, he regards the film as con- 
taining pores. The finer the pores the more protec- 
tive is the film. The potential assumed by the metal 
is related to the number and size of these pores, for 
the greater their number and the larger their size 
the more the potential approaches that of the under- 
lying metal. Corrosion occurs no longer when the 
pores are sufficiently small. The activating influence 
of chlorides, which is supposedly connected with the 
small size of the chloride ion, is clearly due to the 
relative ease with which small anions can travel 
through the pores. On the other hand, larger anions 
such as sulphate and phosphate can penetrate the 
pores only with difficulty. Consequently, a film may 
be effectively protective in solutions containing large 
anions, but not in solutions containing small anions. 
These features are well known in practice. 

Practical protection of metals (particularly iron 
and steel) against corrosion has developed. along four 
main lines:—(1) The admixture of certain other 
metals in order to produce “stainless” alloys; (2) 
plating the basis metal with a thin coating of rela- 
tively non-corrodible metal; (3) the direct produc- 
tion of a “ passive ”’ film of oxide or similar material 
at the surface of the metal; (4) the covering of the 
metal with a layer of paint or other material, which 
excludes the corrosive agencies. 

All these methods offer examples of the practical 
utility of the knowledge gained from the study of 
passivity. The protection of iron by zinc or cadmium 
falls in a different category. It is not possible in a 











few words to give a survey of these applications but 
a few notes will suffice to indicate how far these 
principles are involved. Under (1) come the stainless 
steels, which owe their comparative immunity from 
corrosion to the particularly continuous and self- 
healing passive film of oxide, which is formed at the 
surface when the steel contains chromium. Chromium 
plate provides a good example of (2), for the chro- 
mium itself is passive and is coated with a highly 
resistant oxide film. There are many processes in 
use for the production of “‘ passive ” oxide and other 
films mentioned under (3). Of these, the outstanding 
example is the protection of aluminium and certain 
aluminium alloys by anodic oxidation. Finally, even 
the painting method (4) gives scope for the applica- 
tion of the principles of passivity. The best priming 
coat for ironwork in most circumstances consists of 
red lead. This is a mild oxidising agent, and helps 
to keep the iron surface in the passive condition. 








The Measurement of Lattice 
Constants. 


ACCURATE measurement of the parameter of crystal 
lattices is of great importance in metallurgical 
research. Several examples of the utility of such 
measurements have been given in these columns 
recently, such as the determination of the limits 
of solid solubility and of the elastic strain in a beam 
subjected to flexural deformation. The subject of 
precision lattice measurement has recently been 
reviewed by Wever and Lohrman,* who give a critical 
analysis of the methods that have been used by 
different investigators, together with examples of 
their application. 

The most widely used method is that in which the 
specimen, in the form of a powder mounted on a 
fibre, is placed at the centre of a circular cylindrical 
drum which carries the photographic film and slits 
to admit a fine pencil of X-rays. A drawing of such 
@ camera is given in the paper, and shows the care 
which has to be taken to ensure geometrical accuracy 
in the mounting of specimen, film and slit. The 
photographs obtained from cameras of this type give 
diffraction lines on each side of the central undeflected 
beam, and if 6 is the glancing angle, s the distance 
betwee.. corresponding lines on opposite sides of 
the central beam, and r the radius of the film, then 
46=s/r. The accuracy with which s can be deter- 
mined evidently depends on the width of the lines 
on the film. The authors show that with their camera, 
measurements on the film can be carried out to 
three to fifteen-thousandths of a millimetre. 
Examples are given of three films measured repeatedly 
by three observers, which show that this accuracy 
can be attained. The accuracy of the determination 
of 6 is related to that of the parameter (a) of a cubic 
lattice by the equation : 


Ae. _.t 0A0 
a 


so that for a given error of measurement A 6 the 
percentage error in a diminishes with cot 6 and 
becomes very small for large values of 6. In the 
work under review, the diffraction lines at high angles 
are stated to be broad, so that A 6 increases with 6, 


with the result that as is nearly constant. This 





* Franz Wever and Otto Lohrman. Mitteilungen, Kaiser 
fir Eisenforschung, Dtsseldorf, XIV., page 
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is illustrated by the following figures taken from 
Table I. of the paper :— 








Line, | 6. Error of measurement. | 4 aja. 
110 | 28-Sdeg. | 3:5x10-?mm. 3-40x 10-3 
211 | 55-9deg. | 5-4 1-68 

220 | 72-9deg. | 15-4 2-50 


| u i 
The photograph was of a specimen of iron taken with 
iron radiation, and the figures show that although 
the accuracy of the linear measurement on the film 
decreases at the higher angles, the percentage error 
in the values of the parameter are all about the same. 
It thus appears that so far as the precision with which 
measurement of the photograph can be made is 
concerned, all the lines should yield parameter 
values not differing by more than about 0-3 per cent. 
A number of other errors, however, contribute to 
make this result difficult of attainment. These 
include film shrinkage during development, finite 
size of specimen, and failure to set the specimen 
accurately at the centre of the camera. Corrections 
for the latter two causes of error have been suggested 
by different workers, and Wever and Lohrman have 
applied these to some of their own photographs. 
It will suffice here to quote the results obtained from 
one film, on which were recorded the reflections from 
copper and silver simultaneously. Table I. includes 
Taste I. 








Parameter from the plane : 








Correction due to: | f Mean. 
| 111. | 200. | 220. | 311. 222. | 
} } | } 
(Uncorrected) .. 3- 55323-5646 3-5921/3-6019)3-6044 _ 
Hadding -+ ++|3+5967\3-5024/3-6126/3-6127|3-6112/3-6071 
Ott.. .. .. ..|3+5985/3-5977 3-6023)3- 6068)3 - 6097 3- 6030 
Haddin, oe oon aoe 3-6007|3- 6045/3 -6057/3-5981 
Bijl ‘and Kolkmeyer/3-6045|3-6033 3- 6063 3-6072)3 -6076|3-6058 
Pauli .. .. ..|3-6039)3-6038/3-6078|3-6087|3-6090)3 -6066 


Busse 
| 


- .|8-6056|3- 6038|3- 60493-6057 3-6063 3-6053 
| | 





the figures for copper only ; the first column contains 
the name of the author responsible for the particular 
correction used. The figures show that while the 
uncorrected values lead to a parameter which 
increases with increasing angle of reflection the 
different corrections reduce the lack of consistency 
of the parameter values to figures which differ only 
by about the amount to be expected from the uncer- 
tainty of the linear measurements on the film. It 
might be supposed that, having attained this 
accuracy, the authors might have been content to 
leave well alone. With commendable pertinacity 
they proceed, however, to attempt to improve the 
self-consistency of the calculated parameter values 
by assuming hypothetical values of the specimen 
diameter and of the film radius. Success eludes 
them, and for this, if for no other reason, we may 
be forgiven for not following them in this flight of 
fancy. 

The authors next proceed with an account of a 
much more hopeful method, due to Kettmann, 
of using the measurements to obtain an accurate 
parameter value. It can be shown that the error 
in the determination of the parameter from a line 
is a function of the glancing angle which vanishes 
as that angle approaches 90 deg. Accordingly, if 
the values of the parameter calculated from the 
different lines are plotted against 8 (the glancing 
angle) an extrapolation to 8=90 deg. will yield a 
value of the parameter free from systematic error. 
The extrapolation is done in such a way that the 












tangent to the curve is horizontal at the limit 
as shown in the diagram. The figures 3-608 
+0-001, and 4-:078+40-002 for copper and silver 
are quite as good as can be got by any of the correction 
formule used in Table I. 

Two further methods are dealt with in the paper. 
The first, due to van Arkel, makes use of reflections 
at high angles, where errors of adjustment vanish, 
and requires specially constructed cameras which 
record reflections at high angles only. This method 
is probably the most accurate at present available, 
but is dismissed with half a column by Wever and 
Lohrmann, presumably because their instrument 
was unsuitable for its application. The remainder 
of the paper deals with a method in which the material 
under investigation is mixed with a standard material 
whose lattice parameter is assumed to be known. 
This standard substance gives a series of lines on the 
film at known glancing angles and thus serves to 
calibrate the camera. The reduction of the observa- 
tions is discussed at length and examples of the order 
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of accuracy attainable are given. The authors claim, 
finally, an accuracy of 1 or 2 parts in 10,000, although, 
as mentioned above, the first part of their paper | 
indicates that the measurement of the film would 
lead to parameter values correct to not more than 
about 3 parts in 1000. The discrepancy appears 
to arise from an arithmetical error in the computation 
of A a/a from the formula given above. The authors 
have apparently used the formula with A 6 expressed 
in degrees instead of in radians, with the result that 
their tabulated values of Aa/a should be reduced 
in the ratio /180, and the order of error arising 
from measurement of the film should not exceed 
1 part in 10,000. Another discordance is to be 
found on pages 146 and 149 of the original. On 
the former there appears “an error of 0-0005 A, 
i.e., about two-thousandths of the lattice constant "’ ; 
on the latter “ 0-0003 to 0-0006 A, or about 0-1 
to 0-2 thousandths.”” The second of these is correct. 
One further criticism must be levelled against the 
authors. Their photographs do not apparently 
resolve the K « doublet of iron (the radiation used), 
and they have based their calculations on a mean 
wave length 1-934 A. As the wave lengths of the 
K « doublet differ by about 2 parts in a 1000, it is 
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difficult to see how the final result can be correct 
to more than about 1 part in 1000, though the 
relative accuracy may be higher than this. In the 
table of results (No. XIV. of the original), the figures 
for the parameter of iron from a number of different 
photographs vary from 2-8612 to 2-8628 A, with 
errors lying between 0-0002 to 0-0008 A. The 
figures for silver are 4-0773 to 4-0795 A, and the 
errors between the same limits. It appears, therefore, 
that the. method is susceptible of an accuracy of 
+0-001 A, and that the authors’ claim to an accuracy 
of one-half to one-third—0-0006 to 0-0003—of this 
should be treated with reserve. 








Books and Publications. 


The Heat-treatment and Annealing of Aluminium 
and its Alloys. By N. F. Bupcen. London: 
Chapman and Hall, Ltd. Pp. XVII.-341. 25s. net. 

Ir is significant of the development of the heat- 

treatment of aluminium alloys during recent years 

that @ large and heavy book should be written 
dealing exclusively with their heat-treatment. As 
the author indicates, this is all the outcome in the 
first place of the more or less chance discovery of 
age-hardening and of the alloy ‘“‘ duralumin,” and 
subsequently of the discovery of the mechanism of 
age-hardening, and of its possibility of wide extension 
to alloys, both of aluminium and of other metals. 

It is not too much to say that the researches on 

age-hardening which have been carried out in the 

first place at the Bureau of Standards in America 
by Merica and his co-workers, and at the National 

Physical Laboratory in England by Rosenhain and 

his collaborators; have opened up a new chapter 

in metallurgy—a chapter which is coming to have 

a ferrous as well as non-ferrous sections. 

For this reason alone, a book dealing in detail 
with this subject in regard to the aluminium alloys 
would be eminently welcome, but the present volume 
is also of value from the purely practical point of view 
of the production and application of the heat-treated 
alloys of aluminium. The author has dealt with the 
subject on broad lines, avoiding as far as possible 
some of the controversial questions with which the 
theoretical side of the subject still bristles; some 
of those who have worked: on the subject will not 
agree with his views—or, perhaps, even with his 
summary of their views—but an evident effort 
to state the case fairly will command their sympathy. 
A full account of the theory of age-hardening has 
yet to be written—perhaps it has yet to be established 
—but a critical summary that will be of use to the 
investigator will have to be drawn up by someone 
more intimately concerned with the research work 
on the subject than Dr. Budgen. Nevertheless, the 
present volume is an interesting and really valuable 
account of the process and achievements of age- 
hardening, and must prove useful both to the user 
and manufacturer of aluminium alloys. 

In a book of this sort, there are, of course, many 
minor points which call for criticism. For instance, 
the weight and bulk of.the book are inconveniently 





large, and could easily be reduced by a slight economy 
of paper, especially in regard to the excessive margins 
around small and sometimes not very important illu- 
trations. The chapter on pyrometry, also, is scarcely 
essential, and it.is a pity to see an entire plate used 
for the illustration of a very well-known temperature 
recorder. The author rightly assumes a reasonable 
knowledge of metallography in the reader and might 
have included pyrometry in the same way. On 
the other hand, we miss all illustrations of X-ray 
spectra, the study of which has played a most 
important part in the researches on age-hardening. 

The author is evidently considerably troubled by 
questions of nomenclature. For instance, he goes 
to some length to explain why he has thought it 
necessary to mention “ annealing ” as well as “* heat- 
treatment ”’ in the title of his book, in spite of the 
fact that, strictly speaking, annealing is itself a form 
of heat-treatment. On the other hand, he finds it 
difficult to decide between the use of such terms as 
“* precipitation ” or “‘ ageing ”’ treatment. ‘* Ageing,” 
when it is carried out at temperatures higher than 
those of the air, he denotes by “ accelerated’ or 
“‘ artificial ’’ ageing, and we are glad to see that he 
has avoided the use of the term “ tempering” in 
this connection. There is, however, such wide 
divergence in terminology as at present applied to 
these matters that it is difficult to criticise an author 
in regard to it. The views of the critic would probably 
be criticised in turn by other metallurgists. It is, 
however, unfortunate that such a term as “ heat- 
treatable ’’ should creep into our technical literature. 
This term is not only undesirable in itself, since it 
is a coined word which is far from euphonious, but 
it is also incorrect in its implications. Any and 
every alloy can be heat-treated and is, therefore, 
“‘ heat-treatable,” although the measure of effect 
which may be produced and its nature may vary 
widely in different materials. Our German colleagues 
are to be envied the term “‘ vergiitbar,”’ but this is 
not correctly translated by ‘‘ heat treatable,” and 
can be best rendered by another decidedly undesirable 
coined word, such as “ improvable.’”’ Would it not 
be possible for some authoritative body—such as 
the Institute of Metals, or the British Standards 
Institution—to put forward standard and, if necessary, 
deliberately coined, terms for such purposes ? Dr. 
Budgen’ and other metallurgical writers would, 
undoubtedly, be glad to be relieved of such per- 
plexities. 


Che Metallurgist. 

Owing to the condition of industry it has been decided 
that bi-monthly publication of THE METALLURGIST will 
meet present requirements and in consequence it will 
appear six times in 1933 instead of twelve times as 
heretofore. The next number will be published on Feb. 
24th and subsequent numbers in every alternate month. 
In order to keep pace with any important metallurgical 
events that may occur in the intervals articles will be 
printed, as required, in the body of THE ENGINEER. 
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